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Abstract: First results are reported of tests with a 
patterned texture, silicone rubber surface. Such 
texturisation is designed to reduce leakage current 
density and to increase creepage distance, with the aim 
of improving pollution performance of polymeric 
insulators. The tests are of two kinds: a) inclined-plane 
tests (IEC 587: 1984), to determine the erosion rate and 
tracking of rectangular samples of insulation materials 
when these are subjected to surface discharges. Such 
samples have been prepared both with a conventional 
plane surface and with a textured surface for 
comparative tests; b) clean-fog tests (IEC 507: 1991) 
that use an initially dry pollution layer of known 
salinity. Here, plane and textured samples have been 
used for comparative tests, where leakage current and 
discharge activity are monitored during the generation 
of the fog.  
1 INTRODUCTION 
The hydrophobic surface of polymeric insulators, and 
particularly the property of many polymeric materials 
that enable the transfer of hydrophobicity to an 
overlying pollution layer, offers a significant advantage 
compared with glass or ceramic units used in overhead 
transmission and distribution systems in coastal or 
industrial environments. The reduction of wetting by 
hydrophobicity can reduce leakage current and 
discharges that may lead to flashover. Nevertheless, 
under severe ambient conditions, dry bands can still 
form, especially before hydrophobic recovery can 
occur in the pollution layer, and these are known to 
result in partial-arc discharges in the shank region of 
polymeric insulators. The local increase of electric 
field and leakage current density, in a pollution layer 
covering the shank region of the fibreglass core, is 
conducive to dry-banding. Conventional anti-fog 
designs that increase the surface creepage distance on 
ceramic insulators [1], such as deep ribs on the 
underside of the sheds, are not practicable on 
polymeric insulators, because of the restrictions of the 
moulding process. 
The moulding of polymeric insulators presents 
opportunities as well as limitations. This paper gives 
initial results from a design and test programme where 
the pollution properties of a silicone rubber surface 
with a textured finish [2] are investigated. The texture 
consists of a regular raised geometrical pattern of a 
kind that does not impede the removal of the insulator 
from the mould after fabrication. It is shown that, 
depending on the geometry chosen for the texture, two 
useful objectives can be achieved. First, an increase of 
surface area can reduce the leakage current density in 
the vulnerable shank region. Secondly, the textured 
surface results in a substantial increase in the 
longitudinal creepage distance that can reduce the 
stress in specific areas of the insulator.  
Experimental results are presented for silicone rubber 
samples with a textured surface comprised of nearly 
contiguous 2mm diameter protuberances in a 
hexagonal array. The preliminary results for both kinds 
of tests showed an improvement in performance for the 
controlled-texture samples. 
2 DRY BAND FORMATION 
Under adverse conditions for outdoor insulation, even 
for hydrophobic materials, an overlying pollution layer 
on the polymeric surface can result in a significant 
leakage current in light rain or fog, so that the structure 
carries a longitudinal surface current, I , of which the 
current density, J, is non-uniform. This is the case even 
where the pollution layer is of uniform volume 
conductivity, s, and thickness , T, because the radius R 
and therefore the circumference, S , of the circular 
surface contours varies along the sheds and shank of 
the structure. The surface electric field, E , is also 
longitudinal and will be non-uniform. Since the surface 
regions of greatest J and E will coincide if s is 
uniform, the heating of the moist pollution layer is 
significantly greater in these regions, risking the 
formation of dry bands. The power density dissipation 
P of the surface layer heating is given by: 
 
P = EJ = J2/s = I2/(sS2T2) (1) 
 
The greatest heating of a uniform pollution layer will 
occur on the insulating structure in the region of the 
smallest contour perimeter S (min), so that dry bands 
will most easily form at the shank of the structure.  It 
has been found that even polymeric structures 
frequently fail because of damage in the shank region, 
where partial-arc activity is greatest. 
The purpose of a textured surface is therefore the 
reduction of both electric field and current density in 
vulnerable regions of an insulator, with the aims of 
both mitigating dry band effects and the reduction of 
surface damage from partial-arc discharges. 
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3 TEXTURED SURFACES 
3.1. Surface patterns 
Reference [2] describes an insulator design that 
overcomes many of the problems outlined above. This 
is a structure which has a textured surface comprising 
arrays of protuberances: these may be for example 
textures of spherical, ellipsoidal, paraboloidal, 
hyperboloidal, conical and pyramidal or other 
symmetrical form. The textured arrays offer a 
controlled variation of surface area. 
Fig. 1 represents protuberances of height c, formed by 
domed sections of spheres of radius b, the bases of the 
protuberances being circles of radius a. 
In this case, 
a2 = c (2b - c)   (2) 
and the surface area of the protuberance is 
A p  = 2p b c   (3) 
These three adjacent protuberances will increase the 
surface area of the underlying triangular plane surface 
of side 2a, which has a surface area 
A t = 3  a2  (4) 
to a value of 
A pt =  A p  / 2  +  A t  -  pa2/2 
=  a2 [ pb / (2b-c) + 3  -p/2 ] (5) 
The surface area is thus increased by the presence of 
the spherical protuberances by a factor that is defined 
by the ratio 
A p,t  / A t = 1 + pc / [ 2 3 (2b-c )]   (6) 
 
 
 
Fig. 1: Contiguous part-spherical protuberance  
 
The increase is dependent on the choice of the ratio of 
protuberance height, c , to spherical  radius , b. 
Hemispherical protuberances (b = c) will have the 
limiting value of the area ratio 
[A pt  / A t]{hemisphere}  = 1 + p/2 3  = 1.907  (7) 
 
which notably is independent of the radius b of the 
protuberance. For such a patterned texture of 
hemispherical protuberances in close hexagonal 
contact, this ratio is close to the limiting value of 2 
given by the ratio of hemispherical and circular areas. 
Higher factors can be achieved with other geometrical 
forms of the protuberance. For example, a semi-
ellipsoidal protuberance with y = 2x has a surface area 
3.42px2, which gives an increased value of the surface 
area factor of 3.42 compared with the value of 2 for a 
hemispherical protuberance. By controlling surface 
area in this way, a three-dimensional patterned texture, 
suitably dimensioned to achieve controlled variation of 
surface area along the structure, will provide a 
controlled variation of leakage current density and 
surface electric field, for a uniform conductivity 
pollution layer.  
3.2. Creepage  distance 
Conventional insulator designs for adverse or polluted 
environments do not include deterring dry band 
formation by such a control of surface area. Instead, 
anti-fog designs are based upon increased overall 
insulator length and by profile changes, such as large 
sheds that reduce form factor or a ribbed structure that 
increases specific creepage distance.  It is therefore 
valuable that a textured surface will, in addition to 
surface area control, increase the longitudinal surface 
(creepage) length of the insulating structure without 
then necessarily increasing the overall length of the 
structure. Thus, for example, the longitudinal creepage 
distance per row, in the direction of the electric field 
along a hemispherical patterned texture, is 2.303a, 
compared with 3 a on a plain surface. This is a per-
unit creepage distance increase of 1.33. As a result, 
both E and J terms of Equation (1) are significantly 
reduced. 
3.2. Erosion reduction 
While the primary purpose of the insulator texture is to 
inhibit partial arc activity at dry bands, it is equally 
important to determine whether discharge activity 
would lead to more severe tracking or erosion than 
would occur for plane untextured surfaces. On the 
contrary, it is anticipated that there would be a 
reduction in tracking and erosion damage for the 
textured material. This is based on two grounds: (i) The 
increased creepage distance between the electrodes 
may reduce the current in the test arc; (ii) the arc 
discharges that cause erosion may be divided by the 
texture into less damaging, parallel arcs of lower 
current. With this objective, inclined plane tests [3] 
were performed using an automated test rig developed 
at Cardiff. 
4 SAMPLE PREPARATION 
Test specimens were moulded from liquid silicone 
rubber (or RTV-2) Dow Corning HV 1540/10P (Table 
1). The specimens were cured at room temperature for 
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a minimum 24 hours, followed by 3 hours postcuring at 
120 °C.  
The mould was designed to produce rectangular 
specimens of dimensions 120 mm ´ 50 mm and 
thickness 6 mm. One set of mould inserts gave 
specimens with two plane surfaces. A second set 
moulded one side of the specimen with a regular 
pattern of hemispheres of diameter 2.5mm (Fig. 2). 
The choice of a 2.5mm diameter was made to provide a 
possible additional advantage of a large contact angle 
in water drop formation on an insulator surface. 
In practice, texturing of the specimens with contiguous 
(touching) hemispherical protuberances to give an 
increase of surface area 1.907 times that of the plane 
specimens could not be manufactured in-house.  
For non-contiguous hemispheres with a radius of b and 
a centre spacing of e, the area ratio of the textured 
surface to the plane surface is reduced to 
 
Ratio  =  [2pb2 + Ö3e2] / Ö3e2  (8) 
 
The specimens shown in Figure 2 have a centre 
spacing of e = 3.4mm, which gives an area ratio of 
1.49. 
 
 
 
 
 
Fig. 2: Rectangular textured specimen. 
 
 
Table 1: Properties of silicone rubber HV 1540/20P 
 
Property Value 
Dielectric Constant (100Hz), IEC 60250  2.8 
Dielectric Strength (kV/mm), IEC 60243  24 
Dissipation Factor , IEC 60250  0.001 
Elongation,% 500 
Shore A Hardness, DIN 53505  32 
Solids Content 100 
Specific Gravity 1.13 
Tear Strength (N/mm), ASTM D 624 B  30 
Tensile Strength (MPa), DIN 53504 7.8 
Tracking Resistance, IEC 60587  1A 
Viscosity Y=10.0s -1 Pa.s 14 
Volume Resistivity, IEC 60093  6x1014 
5 TEST STRATEGY 
5.1 Inclined -plane tests 
In these tests [3], the insulation specimen is inclined 
with its mount at an angle of 45° with the test surface 
on the underside, so that a specified contaminant flows 
over the surface. Electrodes at a separation of 50mm 
are subjected to a power frequency voltage of 2.5, 3.5, 
or 4.5 kV rms, depending on the specification of the 
material. The standard test criterion is that the 
discharge current does not exceed 60mA during a 6 
hour test, or alternatively, the surface arcing length 
does not exceed 25 mm. In the present special tests, 
textured and plane untextured samples were compared 
simultaneously. Three parameters were measured: (a) 
the maximum rms value of current recorded during the 
test, (b) the accumulated energy dissipation after the 
full test duration of 6 hours, and (c) the weight loss of 
the sample as a result of the test. The data acquisition 
was obtained with sampling rate 200/20 ms using a 
LabView program. During and after the tests, 
photographs were taken of the discharge activity and 
the ensuing tracking and erosion damage. 
A test voltage of 3.5 kV was applied for 6 hours with a 
contaminant flow rate 0.30 ml/min, a concentration of 
NH4Cl (ammonium chloride) solution 0.1% and a 
conductivity of 2.53 mS/cm at 23°C. The non-ionic 
wetting agent Trixton-100 was used at a concentration 
of 0.02%. 
Since the tests are designed to promote arcing, the 
specimens in these tests were highly stressed 
electrically. For the given electrode distance of 5 cm 
and the 3.5 kV test voltage, the specific creepage 
distance is 1.4 cm/kV (equivalent to 0.58 cm/kV phase 
voltage). This is, for example, three times smaller than 
the shortest specific creepage distance allowed in [4] 
even for a light pollution level. During these tests, 
transient voltage falls to 2.5kV occurred due to 
regulation limitations on the supply side. 
5.2 Fog tests 
The solid-layer clean-fog tests, on plane and textured 
rectangular specimens, required the application of an 
artificial pollution layer by dipping in or flowing on a 
contaminant suspension. A standard suspension [5] 
was prepared in 1 litre of water with 100g of 
kieselguhr, 10g of SiO2 (particle size < 20nm) and a 
suitable quantity of NaCl to achieve a desired salinity 
Sa (kg/m3). A guide to the relationship between Sa and 
the volume conductivity s20 (S/m) at 20°C of the 
suspension gives 
Sa = (5.7 s20)1.03  (9) 
The volume conductivity will determine the salt 
deposit density (SDD, mg/cm2) on the pollution layer 
after drying and the maximum layer conductivity (k20, 
mS) that will arise during a clean-fog test. Tabulated 
data [5] suggest the empirical relationships 
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s20 = 3 10 4 k20  (10) 
k20 = 400 SDD  (11) 
where the layer conductivity and volume conductivity, 
sl, of the layer are related by the layer thickness, T, 
k20  =  sl T  (12) 
The local layer conductivity can be measured before 
drying of the suspension by use of a suitable surface 
probe [6]. After drying, the SDD can be checked by 
removal and collection of the pollution layer from an 
area A of the specimen and measuring the conductivity 
s20 and, hence, the salinity in a volume V: 
SDD = SaV/A  (13) 
The effective overall conductivity (known as the 
reference layer conductivity K(LC)) of the pollution 
layer on an insulator will depend on its geometrical 
form factor F: 
F = 
)(0 lP
dlLC
ò    (14) 
This integration can be performed using the specimen 
profile, where P(l) is the perimetric length of the 
specimen at a distance l along the surface creepage 
path LC. For the rectangular plane samples, the form 
factor is unity. For the textured samples, it is at the 
same time reduced by the increased effective surface 
width, and increased by the creepage length. Then the 
reference layer conductivity is 
K (LC) = k20F  (15) 
After mounting the specimen in the fog chamber, the 
reference layer conductivity can be measured by 
applying a voltage gradient of not less than 700Vrms/m 
intermittently, so that leakage current can be measured 
without drying the layer. This also enables verification 
of the fog density, which must achieve a maximum 
leakage current IL within a time between 20 and 40 
minutes. The reference layer conductivity corresponds 
with this maximum, and can be calculated from 
  K (LC) = F ´ I/V  (16) 
The choice of K (LC) and SDD for the test depends on 
the severity of the environmental conditions for which 
an insulator is to be employed. Four levels of pollution 
are defined in [4] with four corresponding specific 
creepage distances (mm/kV, where this voltage is 
3 ´ test voltage (rms)). 
These layer conductivities and SDD values are 
experimental values from test laboratories for several 
insulator types. It is noteworthy that these relationships 
between LS and k suggest that the leakage current that 
can be sustained before flashover is of the order of 1A. 
The desired test strategy was thus to test at both Class I 
and Class IV levels (Table 2) ; the required SDD and 
layer conductivity were to be estimated from the mid-
range of the values shown, taking into account the form 
factor of the specimens. The volume conductivity of 
the contaminant suspension is then determined. For the 
chosen class of pollution, it is straightforward to 
calculate the anticipated withstand voltages from the 
table using the product of the specific creepage 
distance and the actual creepage length of the test 
specimens.  
 
Table 2: Recommended parameters and sample test data From 
[4] (Table II) and [5] (Table B.1)  
 
       Ranges of values   
 
C
la
ss
 
 
 LS 
(mm/k
V) 
Maximum     
withstand  
k20  (mS) 
Maximum 
withstand 
SDD  
(mg/cm2) 
 
Light 
 
I 16 
 
7 - 14 
 
0.02 - 0.04 
 
Medium 
 
II 
 
20 
 
14 - 28 
 
0.04 - 0.1 
 
Heavy 
 
III 
 
25 
 
14 - 40 
 
0.06 - 0.15 
 
Very heavy 
 
IV 
 
31 
 
28 - 56 
 
- 
 
 
Although the test transformers were insufficient to 
perform valid withstand-voltage measurements, 
reliable low-voltage conductivity data could be 
obtained, and at higher voltages useful qualitative 
comparative evaluations were possible during the pre-
flashover phase. A LabView program calculated many 
parameters as a function of time: voltage rms value, 
leakage current rms value, leakage current absolute 
peak value, leakage current positive peak value, 
leakage current negative peak value, leakage current 
THD, power factor angle, leakage current charge, 
average power and accumulated energy dissipation. 
The monitor was divided into 14 fields in which the 
parameter changes were shown. Additionally, the 
shape of the leakage current and voltage and the 
leakage current FFT of the most recent voltage cycle 
was displayed. The program collected data with a 
speed of 400 samples/cycle for one voltage channel 
and two current channels. A test of 100 minutes 
produced 2.4 GB of stored data. After the test, the 
processing of data with two separate programs required 
some hours. 
 
6 RESULTS 
6.1. IEC 587 inclined-plane tests 
a)  Labview records 
Inclined plane tests were according to Method 1 in 
Reference [2]. Results from 20 tests are shown in Table 
3. A positive correlation between the energy dissipated 
during a test and the consequent weight loss in the 
specimen is confirmed in Fig. 3, for both plane and 
textured surfaces. However, the erosion of the plane 
surfaces appeared to be significantly greater than that 
of textured surfaces. The weight loss in these tests of 
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about 1g at 5MJ energy dissipation is equivalent to 
about 0.7mg/Coulomb of charge transfer by the 
discharges. This is comparable to the values observed 
in salt-fog tests for more resistant silicone rubbers. 
 
b) Photographs of partial arcs and erosion 
 
Early in each test, small dynamic discharges appeared, 
because the severe voltage stress conditions are 
designed to damage the materials by arcing. The 
pollution severity was also very high. The solution 
conductivity was 2530 mS/cm, so assuming a thickness 
for the electrolyte layer of 0.1 mm, a surface 
conductivity of 25 mS led to a very large leakage 
current. Although during the first minutes of the tests, 
the arcs on the textured samples burned more actively 
at the lower electrode, after about 10 minutes a straight 
arc channel formed in the case of plane surfaces (Fig. 
4). Then, whereas the discharge on the plane samples 
damaged one area near the lower electrode, the 
discharges on the textured surfaces moved along the 
lower electrode. This different behaviour of the arcs 
can lead to very large erosion on plane specimens 
compared with textured specimens. Table 4 gives some 
erosion data from these tests. 
Table 3:  IEC 587 test results 
Test 
sample 
Max. Irms 
(mA) 
Energy 
Dissipation (MJ) 
Weight  
loss (g) 
Plane 36 5,2 1,75 
Textured 38 5,1 0,44 
Textured 41 5,0 1,67 
Plane 42 5,5 1,16 
Plane 32 4,6 1,10 
Textured 34 4,6 0,52 
Textured 36 4,97 0,86 
Plane 36 4,99 0,89 
Plane 38 4,93 0,78 
Textured 35 - 0,30 
Textured 31 5,15 0,87 
Textured 42 - 1,50 
Plane 40 - 1,04 
Plane 45 5,02 1,58 
Textured 36 5,14 0,92 
Plane 40 - 1,63 
Plane 43 4,75 0,69 
Textured 35 5,16 0,50 
Plane 28 4,93 1,38 
Textured 39 5,23 1,27 
 
Table 4:  Length and depth of erosion 
 
 Plane samples Textured 
samples 
Longest erosion 52 mm 31 mm 
Shortest erosion 13 mm 6 mm 
Deepest erosion 6 mm, 
9 samples 
6 mm, 
3 samples 
Shallowest erosion 5 mm, 
1 sample 
3 mm,  
2 samples 
c) Fog tests 
 
A short series of fog-chamber tests was carried out 
using the same rectangular plane and textured 
specimens. A pair of the lower (earthed) electrodes 
from the inclined-plane test was attached to the 
specimen and set at a separation of 5 cm, and the 
specimens were vertically positioned in the chamber 
centre, hung between two round aluminium plates that 
were supported by three polyethylene rods. The 
wetting intensity as measured by a special vessel had a 
horizontal component 0.93 g/ 100 cm2 / minute or 
0.093 mm/minute, and a vertical component 0.64 g/ 
100 cm2 /minute or  0. 064 mm/minute, using  tap water 
with a volume conductivity 267 mS/cm at 19 °C. 
No flashovers occurred on either plane or textured 
specimens at the test voltage of 11.2 kV. However, the 
discharge activity on the textured specimens showed 
marked differences from that on the plain specimens 
(Fig. 4). On the plane specimens, the partial arc activity 
extended from the high-voltage electrode across 50% 
or more of the inter-electrode distance. Subsequent 
examination revealed that these discharges had caused 
this region of the silicone rubber surface to lose its 
hydrophobic properties. The partial arcs on the textured 
specimens were not anchored to the high-voltage 
region, but ignited and extinguished randomly over the 
surface between the high-voltage electrode and the 
earth electrode. This mobility suggests that any loss of 
hydrophobicity is transient at any surface location. 
Visual inspection could not discern this. 
 
7 CONCLUSIONS 
 
The results so far achieved are promising in several 
respects. It has been shown that tracking and erosion 
rates are reduced for textured silicone rubber surfaces. It 
remains to be shown to what extent this is due to the 
subdivision of arcing into parallel paths or to the 
increased creepage length for the textured surface. The 
mean layer conductivity of the textured surface appears 
to be comparable with that of the plane surface, so that 
the leakage current is of the same order. 
The limited comparative high-voltage fog tests that 
have so far been carried out with rectangular plane and 
textured specimens are also encouraging. The partial 
arcs observed with textured surfaces seem to be smaller 
and more mobile than with plane surfaces. This may 
indicate that the aim of inhibiting the formation of 
large fixed dry bands is being achieved. 
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Fig. 3:  IEC587 test specimen weight loss  
 
Mean values Weight Loss (g  Energy (MJ) 
Plane      1.19   4.98 
Textured    0.87    5.04 
 
 
 
     
 
First degradation signs.     Degradation after 1 hour. 
 
Fig. 4:  IEC587 test.  
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